Middle Triassic carbonate sequences of Shotori Formation have a thickness of 70 m and are deposited Robat-e-Kalmard region of Tabas city in Central Iran basin. Gradationally and conformably overlying Sorkh shale Formation, Shotori Formation, mostly composed of medium to thick dolomites (50 m), interbeded with thin lime and sandstones, is disconformable by a laterite horizon at its upper boundary. This Formation mainly consists of fine-to-coarsely crystalline dolomites. According to petrographic (fabric and grain size) and geochemical (elemental analysis of Ca, Mg, Na, Sr, Fe, Mn) evidence, five various types of dolomites were recognized in Shotori Formation. This variety results from early and late diagenetic processes, triggering a change in dolomitizing fluids and thereby forming various dolomites. Geochemical studies have revealed that the dolomites of Shotori Formation have formed under meteoric diagenesis and reducing conditions. Various dolomitization mechanisms are proposed for various types of dolomites; that is to say, Sabkha model is considered for type 1 dolomite, mixing zone model for type 2 and 3 dolomites and burial model for type 4 and 5 dolomites.
carbonate sequence and the youngest Formation of Tabas group, located in central Iran basin. Dolomitization is a common alteration process in most limestones. Dolomite, coming in different types and shapes, is the major component of Shotori Formation. It can be found either in early or late forms, according to which the late dolomite forms immediately or short after deposition. The early dolomite, on the other hand, is directly supplied with seawater. This study employs a combination of petrographic and geochemical methods like main and trace elements to describe the dolomitic texture of Shotori Formation, their types and diagenesis process. This can assist in the determination of the origin of dolomites [1] - [8] .
Methodology
A microscopic investigation was carried out on a sample of 90 thin sections to undertake stratigraphic studies and determine the facies of Chaharcheshmeh section. Employing Dickson's method [9] , this study makes use of Alizarin Red Solution to stain thin sections, thereby differentiating calcites from dolomites. Two of the widely used methods of classification, namely Dunham [10] and Folk [11] were used to classify carbonate rocks. Dolomites, on the other hand, are classified based on a combination of textural classification, Sibley and Gregg [1] and Mazzullo [4] . To measure the size of dolomites, the classic model of Folk [12] [13] and much more recent model of Adabi [7] [8] are used. The variety of dolomites accounts for their Formation time, source and early limestone composition. To conduct the geochemical and elemental studies, samples of 14 dolomite rocks were selected. Samples were collected from micritic matrix, where no veins, alteration and allochems exist, and then powdered using a crusher and dental drills. The powdered samples were sent to Applied Geological Research Center of Iran to determine the main and trace elements using ICPOES. Due to its accuracy and capability to read detection limits at extremely low levels, this analytical technique is widely used to analyze various main and trace elements expressed in ppm and percentage.
Stratigraphy of Shotori Formation in the Studied Area
Chaharcheshmeh stratigraphic section in southeastern Kalmard block with geographical coordinates of 56˚12'E and 33˚23'N is 100 km away from road Tabas-Yazd ( Figure   1 ). Shotori Formation shows a thickness of 70 m, and is composed mostly of dolomite, interbeded with limestone and a little sandstone. The lower boundary, covered by shale, siltstone and sandstone, gradually changes into dolomitic carbonates of tidalflat sub environment ( Figure 2 & Figure 3 ). Thick-to-massive layered sequences of dolomitic rocks of Shotori Formation are gradationally overlain by a thin-to-thick layered limestone belonging to Espahak lime. In the studied area, the upper boundary of Shotori 
Dolomites Petrography
Dolomites, coming in various shapes and types, are very important parts of Shotori Formation. The dolomites of Shotori Formation are divided into five types based on their fabric types and 1) whether the crystal size distributions are unimodal or polymodal, and 2) whether their crystal boundary shapes are planar and nonplanar. Crystal size distribution is controlled by nucleation and growth kinetics, and crystal boundary shape is controlled by growth kinetics [1] . In the case of low temperature, the crystals will be subhedral to anheral and referred to as planars. However, at critical roughening temperature, estimated to lie between 50 to 100 C, nonplanar and anhedral crystals are developed [14] [15] . In this study, the dolomite crystals size is determined by measuring crystal diameter and based on Adabi [7] [8] . 
Dolomites Types

Dolomicrite (Very Fine to Finely Crystalline Dolomite)
This type of dolomite, varying from 4 to 16 micron in size (average: 4 micron), is characterized as planar-s crystal subhedral and unimodal mosaic in shape. This is equivalent to Xenotopic [16] , Nonplanar-A [4] and Xenotopic-A [14] . These dolomites are mostly concentrated and lack porosity and fossil ( Figure, 5-A) . Dolomicrites are more frequent at low temperature and under surface conditions in upper tidalflat to tidalflat environments, and are characterized by their fabric type, microcrystals, early depositional texture and lack of fossil [7] [14] [15] . According to Land [17] , seawater and Mg-enriched pore water account for this dolomitization process. Geochemically speaking, these dolomites contain higher Sr and Na yet less Fe and Mn than secondary dolomites [7] [18].
Dolomicrosparite (Fine to Medium Crystalline Dolomite)
These dolomites, ranging from 16 to 62 micron in size (average: 36 micron), are composed of planar-s (subhedral to anhedral) crystals and look like unimodal mosaics.
They enjoy straight inter crystalline boundaries, and crystalline surfaces have been well preserved in some cases ( Figure 5(b) ). This dolomite is equal to idiotopic [16] , idiotopic-p [14] and planar-p [4] . Planar-s fabric develops when crystals undergo slow growth at a low temperature and under a continuous trend of dolomitizing fluids [1] .
We interpret type 2 dolomites to be the product of the late diagenetic replacement of limestones or recrystallization of early dolomites under critical roughening temperature (below 60˚C) [4] [7] [15].
Dolosparite (Medium Crystalline Dolomite)
These dolomites, varying from 62 to 250 micron in size (average: 135 micron), are concentrated and characterized as planar-s to nonplanar-a and unimodal mosaics. The fabric of these dolomites is equal to hypidiotopic [16] 
Vein Dolomite (Coarsely Crystalline Dolomite)
Vein dolomites are composed of coarsely crystals, ranging from 200 to 1100 micron in size (average: 600 micron). These dolomites contain anhedral, nonplanar and poly modal crystals. Crystals of vein dolomites exhibit a clear boundary with fracture wall and, in most cases, show an undulatory extinction similar to that of saddle dolomites, pointing to its Formation at a temperature of above 100˚C. In some cases, pore-and vein-filling dolomites contain little Fe ( Figure 5(e) ). Vein dolomites usually cut dolomicrites (early dolomites), dolomicrosparites (early diagenetic dolomites) and dolosparites (late diagenetic dolomites) and hence is interpreted as the final product of dolomitization.
Saddle Dolomites
Saddle dolomite often occurs in sulfate-bearing carbonate host rocks associated with hydrocarbons and epigenetic sulfides [20] . These dolomites are commonly formed under burial or hypothermal conditions from high-saline brines and under high temperature, as a by-product of thermo chemical sulfate reduction [21] . They contain coarse crystal dolomites, generally a millimeter or larger in size. They also have calcite inclusion and some anhydrite as well as curved saddle-like crystal faces and undulatory extinction [20] [22] . In Shotori Formation, these dolomites have mostly occupied the moldic and vuggy porosities and exhibit nonplanar surface followed by undulatory extinction. This implies the Formation of these dolomites at a temperature higher than 100˚C [22] or higher than 60˚C [15] . Saddle dolomites are mostly found within fractures and pores, proving its late origin ( Figure 5(e) ). The paragenetic sequences of the dolomites of Shotori Formation are presented in Figure 6 .
Selective Dolomitization
Partial or selective dolomitization is a dominant process in some parts of the thin sec- while it has occurred in micritic matrix. Such a dolomitization is believed to be associated with and follow rock's fabric. Selective dolomitization is likely to be associated with original aragonite mineralogy or fine-grained allochems. Aragonite and micritic allochems are highly susceptible to dolomitization [8] [23] [24] . If a sequence is partially dolomitized and the remaining CaCo3 is not dissolved, porosity will not spread [25] [26] . All in all, if a mud sequence is selectively dolomitized by a fabric, a dolomitic mosaic with interlocking crystals form, thereby reducing or removing porosity [27] .
Also, the burial dolomitization of grainstones or other porous facies can preserve and spread porosity under burial conditions. Selective dolomitization together with CaCO 3 dissolution can remarkably trigger good reservoir properties [23] [26].
Geochemical Studies
One of the major steps to take is to determine the values of the main and trace elements. Investigating these studies can provide fruitful information on dolomites origin 
Main and Trace Elements in Dolomites
Identifying diagenetic processes in dolomites is tied with dolomitizing fluids [35] - [37] .
Identification of the elements like calcium, magnesium, sodium, strontium, manganese and iron in dolomites can lead to the detection of dolomitizing fluids. The concentration of the main and trace elements in various dolomites of Shotori Formation is presented in Table 1 . Figure 7 , the amount of Mg in these dolomites is positively associated with Mg/Ca ratio (R 2 = 0.98). Since Mg/Ca ratio in pure dolomites equals 65%, a drop in Mg content from 12.8% to 5.76% is the result of their alteration.
The maximum amount of Mg in pure dolomites is 13%. The Ca versus Mg variations results from replacing amount of Ca with Mg in dolomitic carbonates (Figure 8 ).
Trace Elements 1) Strontium
Among the trace elements involved in dolomites, Sr has always attracted a lot of attention [17] [35] [38] . Sr concentration depends on many factors. Since Sr is replaced with Ca, and Ca content in dolomites is half the amount of Ca in calcite, Sr in dolomites does not show as much concentration as in limestone [37] . Land [31] believed that primary dolomites contain higher Sr than secondary (diagenetic) dolomites, which is due to the change in their fabric. Sr concentration increases with reducing size of crystals, and hence diagenetic dolomites, which involve more coarse crystals than primary dolomites, contains less Sr content [34] . On the other hand, the Sr value of the primary mineral replaced with dolomite is also of great importance [39] . Generally, dolomites replaced with aragonite contain higher Sr than those replaced with calcite.
Humphrey [36] discussed that the high content of Sr in dolomites accounts for dolomitization of aragonite limes in semi-closed diagenetic environments. The Sr value of 
2) Sodium
Sodium is the most abundant cation in seawater and recognized as a paleosalinity indicator in ancient fluids [41] [42] . Na is closely concentrated in most dolomites. This Na value, typically ranging from 110 to 160 ppm, is higher than that of the average dolomites formed in a normal-saline marine environment [35] . Na versus Mg diagram reveals that Na concentration increases with increasing Mg (Figure 10 ). Na content, like that of Sr, is very low in stoichiometric dolomites and thus high amount of Mg in dolomites accounts for their non-stoichiometry (irregularity of dolomite lattice, in other words, lattice defect), resulting from hyper salinity of dolomitizing fluids. Sodium is frequently used to measure the ancient paleosalinity [17] [35] [42] . It is noteworthy that Figure 9 . Mg versus Sr variations in the dolomites of Shotori Formation. The high amounts of Sr in the studied dolomites are likely as a result of the early aragonite mineralogy of the dolomitized limes. As can be seen, Sr value in dolomicrite is higher than any other types of dolomites since they are not significantly influenced by non-marine diagenesis. Figure 10 . Na versus Mg variations in various dolomites of Shotori Formation. Notice that the increasing trend of Mg against Na indicates the non-stoichiometric state of the dolomites in Shotori Formation. High Na content seems to be due to the salinity of dolomitizing fluids or partial effect of non-marine diagenesis on the studied samples.
dolosparites contain less sodium than dolomicrites. This trend is caused by greater effects of diagenesis on coarse-grained dolomites.
3) Iron and Manganese
Unlike strontium and sodium, the amount of Fe and Mn in late diagenetic dolomites is higher than that of early dolomites. This can be due to the following reasons:
• Fe and Mn are less concentrated in seawater than in diagenetic fluids.
• Higher concentration of Fe and Mn depends on the reducing conditions dominating the environment so that the amounts of Fe and Mn in primary dolomites near surface, due to the oxidizing conditions, are less than those of burial dolomites formed in reducing conditions [43] .
Mn and Fe concentration in the dolomites of Shotori Formation varies from 119 to 1955 (average: 371 ppm) and from 1000 to 45,000 (average: 1860 ppm), respectively.
The average amounts of Mn and Fe in the studied dolomites are much higher than in limes since Mn and Fe usually substitute Mg. The higher content of Mg in dolomites than in limes causes a rise in the concentration of these elements in dolomites as well.
Due to the higher distribution coefficient of Mn and Fe in calcite and dolomite [35] [44], the higher concentration of these elements in the dolomites of Shotori Formation points to the reducing conditions dominating the environment [45] . Reducing condi- (Figure 12 ). This increasing trend is attributed to the alteration of dolomites by diagenetic fluids (non-marine).
Dolomitization Mechanisms
Three dolomitization mechanisms used in this study include Sabkha model, mixing zone model and burial model. (Figure 13(a) ).
Sabkha Model
Mixing Zone Model
This model is attributed to Type 1 and Type 2 dolomites. In this model, dolomitizing fluids result from seawater-subsurface meteoric water mixture [47] [48], subsurface meteoric water saturated with CO 2 is mixed with seawater and the resulting solution is under saturated with respect to CaCO 3 and supersaturated with respect to dolomites [8] [23] [24] . According to the lithological structures, various dolomites including mold porosity and equant calcite (freshwater) cement are identified in mixing zone. The dolomitization model of dolomicrosparites and sucrosic dolomites are attributed to this model ( Figure 13(b) ).
Burial Model
Type 4 and type 5 dolomites develop based on burial model. Three major sources of the necessary Mg in burial dolomitization include bitten salts (polyhalite carnallite), magnesium emanating from the conversion of clay minerals and interstitial waters (including connate marine water and connate evaporate brines) [17] . Connate marine water seems to be the most important source of Mg required for dolomitization occurring in medium to deep burial periods [49] . Burial dolomites develop as replacement below the active phreatic zone in permeable intervals flushed by warm to hot magnesiumenriched basinal and hydrothermal waters that was subsequently covered and removed by late-stage dolomites [20] . Saddle and pore-filling dolomites as well as iron-enriched dolomites in Shotori Formation account for burial conditions (Figure 13(c) ). 
Mg Source
Seawater is the only source of Mg capable of forming early dolomitization or syndepositional dolomitization [17] . This source is considered only for type 1 dolomites, formed near the surface and under low temperature in a tidal environment due to seawater influx into this area. The necessary Mg for types 2, 3, 4 and 5 dolomites can be sourced from various sources including connate marine waters or basinal brines [8] [23] [24] .
Conclusions
• Shotori Formation is a middle Triassic carbonate sequence, which is mostly composed of medium-to-thick bedded dolomites, interbedded with thin limes and sandstones. This Formation conformably and gradationally overlies Sorkh shale Forma-tion and is cut by a fault at its upper boundary.
• Petrographic studies of the collected samples indicate that dolomite is one of the most important components of this Formation. Five various types of dolomites including dolomicrite, dolomicrosparite, dolosparite, vein dolomites and saddle dolomite were recognized.
• Type 1 dolomite is a syndepositional dolomite. Types 2 and 3 are results of recrystallization of previous dolomites. Saddle dolomite, along with type 4 dolomite fills pores and fractures and is regarded as the final by-product of burial environment.
• Geochemical study of the dolomites of Shotori Formation suggests that Sr and Na contents are much more in fine crystal dolomites (type 1 and 2) than in coarse crystal dolomites (type 3 and 4) while the amounts of Fe and Mn in coarse crystal dolomites are more than fine crystal dolomites.
• Various dolomitization mechanisms are proposed for various types of dolomites; that is to say, Sabkha model is considered for type 1 dolomite, mixing zone model for type 2 and 3 dolomites and burial model for type 4 and 5 dolomites.
• Since dolomicrites are formed near the surface, their necessary Mg is sourced from seawater, yet, in other dolomites, Mg is supplied with connate marine waters or basinal brines.
